OBJECTIVES: Detecting frailty in older adults scheduled for surgery is important to predict the occurrence of adverse outcomes, but because of its complexity, frailty screening is not commonly performed. The objective of the current study was to assess whether frailty can be screened for using automatically measured usual gait speed (UGS) and midarm circumference (MAC) in the outpatient clinic. DESIGN: Prospective, cross-sectional study. SETTING: Geriatric center of a tertiary hospital. PARTICIPANTS: Outpatients aged 65 and older (N = 113). MEASUREMENTS: Frailty status was evaluated according to a multidimensional frailty score (MFS) using a comprehensive geriatric assessment, and participants were classified into 5 categories. UGS was evaluated by having participants walk through the clinic using an automated laser-gated chronometer. MAC was recorded using a tape measure on a blood pressure cuff. Correlations between these two physical measurements and MFS were assessed. RESULTS: The mean age of the 93 participants who successfully underwent UGS evaluation was 75.8 AE 4.7; 35 were male. In this population, the mean Charlson Comorbidity Index was 2.2 AE 1.4, mean MFS was 4.1 AE 2.0, and 20 participants were considered to be at high risk of experiencing adverse outcomes. Mean UGS was 0.75 AE 0.16 m/s, and mean MAC was 31.2 AE 1.9 cm); both physical parameters were correlated with MFS (UGS: standardized beta = À0.420, P < .001; MAC: standardized beta = À0.457, P < .001). Using UGS and MFS, the area under curve of receiver operating curve for determining which participants were at high risk of experiencing adverse outcomes was 0.809 (P < .001).
T here has been a rise in the number of older adults undergoing surgical procedures ranging in severity from minor outpatient surgeries to major surgeries requiring concentrated post-operative care. 1 Evidence suggests that chronological age cannot precisely indicate the physiological reserve of individual older adults. 2 Previous studies have shown that evaluating frailty and physical performance using a comprehensive geriatric assessment (CGA) in older adults undergoing surgery can help stratify postoperative mortality and complications, providing better predictability than traditional risk models. [3] [4] [5] Preoperative frailty assessment may be indispensable for older adults undergoing surgical procedures, 6 but assessing the frailty and physical performance of every older adult in a CGA requires enormous effort in most clinical situations, because routine CGA examinations require trained personnel, established processes, and considerable time. 7 There is a way for clinicians to objectively determine frailty and physical performance without much effort during outpatient clinic visits. For example, usual gait speed (UGS) can predict life expectancy, functional dependency, and institutionalization in older adults, [8] [9] [10] and it has been used as a marker for physical fitness in many geriatric researches, [11] [12] [13] [14] but in most studies, trained personnel measured USG in a large, dedicated examination room. We noticed that frail older adults tended to walk into the outpatient clinic more slowly than fit individuals in our daily clinical practice. We also noticed that frail participants were generally skinner than their robust counterparts. tape measure while taking blood pressure (BP). We aimed to evaluate whether these easily obtainable values can reflect frailty status in older adults undergoing surgery.
METHODS

Study Participants
We prospectively evaluated 113 individuals aged 65 and older consecutively attending a geriatric clinic for a preoperative visit between November 28, 2016, and February 28, 2017. The purpose of the visits was to evaluate their risk before undergoing elective surgery at Seoul National University Bundang Hospital. Information on baseline participant characteristics was collected from an electronic medical records database and included age, sex, surgical department, and type of disease (malignant or benign). To confirm the predictive value of UGS and MAC, we reviewed the in-hospital clinical courses of participants. One of the authors blinded to screening results examined postoperative complications including wound problems, pneumonia, urinary tract infection, delirium, admission to the intensive care unit, and discharge to a long-term care hospital. The institutional review board of the Seoul National University Bundang Hospital reviewed and approved the study protocol.
Frailty Evaluation
From preoperative CGA data, we calculated a multidimensional frailty score (MFS), which represents frailty on a numeric scale and is known to predict the outcome of older adults undergoing various surgical procedures. 3, 4 Detailed protocols for calculating MFS have been described previously, and we categorized MFS (range 0-15) into 5 categories for the purpose of this analysis (0-1, 2-3, 4-5, 6-7, ≥8). 3 We considered individuals with a MFS of 6 or greater to be at high risk of adverse outcomes, in accordance with a previous report describing surgical outcomes. 3 
Measurements for USG and MAC
We measured UGS by observing the gait of individuals walking into the outpatient clinic, from the door to the physician's desk (a distance of approximately 2.7 m), using an automated laser-gated chronometer attached to the wall. To minimize any potential bias and random error, individuals were not informed that they were being monitored, and they were instructed to remove their winter coats and bags before walking into the room. MAC was recorded using a tape measure attached to a BP cuff during routine BP measurement.
Statistical Analysis
Continuous variables were expressed as means with standard deviations (SDs), and discrete variables were expressed as counts with percentages. We plotted the mean and 2 SDs of UGS and MAC according to MFS quintiles using bars and whiskers. The ability of UGS and MAC to estimate frailty was evaluated using a linear regression model. And then the logistic regression model with input variables of UGS and MAC was developed under the logistic assumption to predict outcome variable of high MFS score (≥6 points). In the analysis of postoperative complications, logistic regression analyses with unadjusted models and age-and sex-adjusted models were used. Two-sided P < .05 was considered statistically significant. All statistical analyses were performed using SPSS for Windows version 22.0 (IBM, Armonk, NY).
RESULTS
Error during UGS measurement occurred in 15 of 113 participants (e.g., take off coats, put bags on office floor, and bow to doctor while they entered), and 5 participants entered the office in a wheelchair. Accordingly, data from 93 individuals were used for the final analysis. MFS did not differ between the 20 excluded and 93 included individuals (P = .15, t-test), and occurrence of postoperative complications was not different (P = .63, logistic regression analysis).
Participants had a mean age of 75.8 AE 4.7; 35 were male, and 58 were female (Table 1) . Mean Charlson Comorbidity Index was 2.2 AE 1.4; 4 participants were dependent in 1 or more activities of daily living (ADLs), and 6 were dependent in 1 or more instrumental ADLs (IADLs). Seventy-eight participants (83.9%) were referred from the department of surgery, 14 (15.1%) from gynecology, and 1 (1.1%) from orthopedic surgery; 69 participants (74.2%) underwent surgery for cancer. Mean MFS was 4.1 AE 2.0, and 20 participants (21.5%) were considered to be at high risk of adverse outcomes using a MFS cutoff value of 6 or higher.
Mean Figure 1A,B) . Furthermore, multivariable linear regression analysis showed that combination of UGS and MAC as independent variables was associated with MFS (R 2 = 0.345, b = À0.413, P < .001); this association persisted even after adjusting for age and sex. When a joint UGS and MAC score was calculated using MFS ≥ 6 points as the dependent variables, (1/(1 + exp (À7.739 + (4.150*UGS)+(0.531*MAC)))), this score was correlated with MFS, as expected ( Figure 1C) . Moreover, the area under curve of receiver operating curve of this joint score in determining high-risk surgical patients was 0.809 (P < .001).
Thirty-two (34.4%) participants had at least 1 complication, including wound problems (n = 20), intensive care unit admission (n = 9), delirium (n = 7), pneumonia (n = 3), urinary tract infection (n = 3), and discharge to long-term care hospitals (n = 5). Logistic regression analysis revealed that UGS and a joint UGS and MAC score were associated with the occurrence of at least 1 complication after surgery, similarly to the association between MFS and surgical complications ( Table 2) .
DISCUSSION
UGS and MAC, which are easily obtainable measurements in an outpatient clinic, can be used to screen individuals for frailty. Moreover, UGS and MAC were associated with MFS, and the joint score derived from USG and MAC could be used to identify individuals who were at high risk of adverse outcomes after surgery.
Although predictive ability of USG and MAC for survival have previously been evaluated in older adults, the clinical advantages and significance of these measurements have not been fully elucidated. [10] [11] [12] 16 Measuring UGS and MAC in the office requires minimal effort. We were able to determine the frailty of older adults using these two easily obtainable physical parameters and identify vulnerable individuals who needed a more-detailed assessment, such as a CGA.
There are many validated instruments for screening for frailty in older adults, 17 but subjective factors, such as the proficiency or judgement of the physician and the patients' prejudice on their health status, can influence results from these instruments, because these tools are usually measured using self-reported questionnaires. Alternatively, more-objective assessments, such as CGA, which is considered to be the criterion standard for evaluating frailty, are time consuming, requiring longer than 30 minutes to complete. Furthermore, these objective methods also require dedicated personnel and space. Alternatively, a combination of UGS and MAC could screen frail individuals with high sensitivity and objectivity, with minimal resources. Using this latter approach may allow physicians to use the more resource-demanding CGA in frailer individuals, thereby maximizing cost effectiveness and ultimately preventing adverse geriatric outcomes such as falls, delirium, institutionalization, and death.
UGS, as measured in a clinical entrance environment, can be measured automatically using a laser-gated chronometer. It has an advantage over formal gait measurement method because it can be measured without the individual's knowledge, minimizing any biases; if people are made aware of the fact that their gait speed is being examined, they may alter their speed, which thus might no longer be considered to be "usual" gait speed. Moreover, because people are usually distracted when entering the clinic-preoccupied with thoughts of their symptoms, plans, and laboratory results-they may experience some cognitive stresses that usually occur in functional tests such Figure 1 . Distribution of (A) usual gait speed, (B) mid-arm circumference, and (C) joint score combining usual gait and mid-arm circumference, according to categorized multidimensional frailty score. Horizontal bars represent means and standard deviations. as dual task examination. Based on this contextual difference, more studies evaluating the mechanisms and clinical implications of the differences between UGS measured in the office and formal gait speed assessment are warranted. Alternatively, not informing people that their gait speed is being measured might prevent them from reaching usual gait speed during clinic visit. A total of 15 participants in our study entered the clinic while taking off their coats, putting bags on the floor, or bowing to the doctor. Because previous studies have shown that inability to complete performance-based tasks is associated with frailty, we checked whether errors during measurement were associated with frailty or postoperative complication and found that procedural error was not indicative of frailty. 18, 19 Nevertheless, to diminish the frequency of errors in measurements, optimizations of the measurement protocol in acquiring UGS of patients entering the clinic are warranted.
Our study has several limitations. MAC, because it is measured using a tape measure on a BP monitor cuff, may be variable because the thickness of clothing can affect it. Context-specific cutoff values may be needed. Nevertheless, despite these errors, MAC showed a linear relationship with frailty status. In addition, our study included a small number of participants from an outpatient clinic of a single tertiary hospital. Furthermore, because UGS and MAC are parameters not commonly measured clinically, we could not cross-validate the joint score in an independent dataset. Although we were able to show the ability of UGS, MAC, and the joint score to predict postoperative complications, a larger multicenter study is required to validate this association for generalizability. Despite such limitations, our prospective, exploratory study suggests that it is possible to incorporate methods that are easier to perform to detect frailty in older adults undergoing, which may be better than using chronological age.
In conclusion, UGS and MAC measured in an outpatient clinic can be used to screen for frailty and aid in clinical decision-making in older adults undergoing surgery.
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